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Abstract 
The dolerites in some parts of southern Benue Trough were studied petrographically. The results show that most 
of the dolerites in the Anambra and Afikpo basins are olivine dolerites except Umuchieze LokpaUkwu that host 
mostly quartz porphyry dolerites. The thin section results show that the dolerite rocks in Umuchieze LokpaUkwu 
has mineral paragenesis of plagioclase feldspar+quartz +pyroxene + biotite + hornblende + and hematite. The pore 
spaces and fractures in the rocks are healed by the infilling of quartz.  The porphyritic texture of the dolerite in the 
study area show variable temperatures of the crystallized magma that formed the dolerite. The sharp contacts of 
the dolerites and the host rocks could play roles in the alteration of the crystallizing magma. Hydrothermal 
interaction, contamination and assimilation played major roles in the evolutionary processes of the magma that 
formed the quartz-porphyry dolerite. 
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1. Introduction 
Benue Trough is one of the sedimentary basins in Nigeria in which the sediment thickness is estimated to be about 
6,500m in some places and was formed by several transgressive and regressive sedimentary cycles (Onwualu-John 
and Ukaegbu, 2009). The sediments have been affected by compressional deformation during the Santonian times. 
The Santonian deformation produced the Abakaliki Anticlinorium. Abakaliki Anticlinorium has two syncline or 
basins, Anambra basin at the western flank and Afikpo basin at the eastern flank. The tectonism that occurred in 
Benue Trough was accompanied with magmatism and the magmatism resulted to the emplacement of two groups 
of dolerite (Olivine dolerites and quartz porphyry dolerite) in the study area. 
2. There have been diverse views on the origin of Benue Trough. The origin and geology of Benue Trough have 
been discussed by  Etuk et al (2008), Reyment (1965), Wright et al. (1985), Nwajide (1990), Onwualu-John and 
Ukaegbu (2009), Kogbe (1976). Benue Trough has three segments, the Southern Benue Trough, the Middle 
Benue Trough and the Northern Benue Trough. The study area (LokpaUkwu) is within the Southern Benue 
Trough and lies within the Anambra Basin. The Abakaliki Anticlinorium forms the high relief in the study area 
while the dolerites form a moderate domal height that has intruded the sedimentary sequences. Though much 
work has been done on the geology of Benue Trough but the study of the quartz porphyry dolerite of this basin is 
scarce. The scope of this work is to determine the geologic processes that resulted to the Formation of the 
peculiar quartz - dolerite rock in the study area.  
2. Geologic Setting 
The geology of the Anambra Basin is the Asu River Group which is the oldest sediment, Albian in age, the Eze-
Aku Formation, Nkporo shales, the Mamu Fm, Ajali Fm. and the NsukkaFm. The field relations at Umuchieze 
LokpaUkwu  comprises of dolerites (Quartz porphyry dolerites), The Asu River Group (Albian), Nporo Shale 
(Turonian) and Mamu Shale (Maastrichtian).  
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Figure1. Location Map of the study area and environ 
 
 
 Figure 2. Stratigraphy of the Southern Benue Trough, Modified from Nwajide, 1990 
Umuchieze 
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3. Materials and Methods 
a. Field Method 
Thirteen (13) Fresh rock samples of quartz porphyry dolerites were collected at the igneous suite in Umuchieze 
LokpaUkwu. The quartz porphyry dolerite occurs as dyke in the sedimentary sequences. There are megascopic 
minerals of feldspar and quartz in the dolerite. The dolerite intruded the Asu River Group. There is a sharp contact 
between the dolerite and the host rocks. 
b. Thin Section 
The rock samples were cut with cutting machine, and were polished on a flat plate with carborandum  to a thickness 
of 0.33mm which can allow light from the petrologic microscope to penetrate the slide. The polished rock samples 
were mounted on a slide, glued with araldite, and placed on a hot plate to dehydrate water bubbles. Thin Sections 
of the rocks were prepared and described using petrological microscope. The slides were studied under plane 
polarized light and crossed polarized light in order to get the holistic optical properties of the minerals in the rock 
samples. 
 
4. Results/Discussion 
4.1 Petrography 
Quartz porphyry dolerites of the study area have large mineral crystals of quartz and plagioclase set in smaller 
crystals. The essential minerals in the dolerites are plagioclase feldspar, pyroxene, quartz, and other minerals are 
hornblende, biotite and hematite. The average mineral compositions in the quartz dolerite samples are plagioclase 
feldspar (45%), quartz (20%), pyroxene (10%), biotite (10%), hornblende (10%) and hematite (5%). 
Petrographic studies of dolerites in the Southern Benue Trough have mineral paragenesis of 
olivine+pyroxene+plagioclase+biotite+hornblend+heamatite+-quartz, but Umuchieze in Lokpa-Ukwu of Anambra 
basin appear to have dolerites that are distinct from other dolerites in the Southern Benue Trough. The quartz 
porphyry dolerite of the study area has quartz as the essential minerals. 
The minerals show diverse optical properties; plagioclase show straight grain boundaries, crystal exhibit albite 
twinning and subhedral crystals in thin section. Biotite occur as narrow small plates of matrix sizes and exhibit 
brown colour, it has a perfect cleavage, hematite shows brownish red with a pleochroic colour of yellow, the crystal 
is euhedral. The pyroxene shows greenish colour, with some parting/or basal cleavage, the crystal system is 
euhedral and orthorhombic. Hornblende crystal shows hexagonal shape, with greenish colour which shows 
pleochroic colour of dark brown. 
4.2  Petrogenesis. 
The quartz –porphyry dolerites of LokpaUkwu is characterized by large mineral crystals set in smaller crystals. 
The variation in the crystal sizes are due to different rates of cooling as the magma evolved. The large crystals 
grew as the magma cooled slowly in the sub surface but as the magma evolved closer to the surface ( at the shallow 
level), there was a rapid to moderate cooling of the fractionating magma thereby giving rise to minerals of finer- 
medium grain crystals. The phenocrysts in the rocks are quartz and plagioclase while pyroxene, biotite, hornblend, 
hematite falls within the smaller crystals. 
The quartz are glassy in nature while the feldspar are whitish and cloudy. In some samples, the feldspar crystals 
are larger than the quartz. The quartz are partly rounded while the feldspar are rectangular in shape. The phenocryst 
of quartz in the rocks probably appear as products of pneumatolytic  action by vapor (a process of hydrothermal 
interaction whereby magma emit gases to the host rocks and crystallizes new minerals thereby bringing secondary 
changes that led to the deposit of the new minerals, for instance quartz). 
 
The quartz porphyry dolerite of the study area show mineralogical signatures that appear metasomatics. The quartz 
enrichment in the dolerites could be due to magma fractionation at the channel ways, or assimilation of quartz 
from the host sedimentary rocks during the magma evolution. Fluid infiltration or diffusion in a crystallizing 
magma can also result to the enrichment/ mineralization of quartz in the rocks. The rock slides depicts that the 
quartz porphyry do not only exist at the outer part of the rocks, rather, it extends to the internal sections of the 
dolerites.   
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Hydrothermal crystallization of quartz from the cooling solution can be the genesis of the phenocryst of quartz in 
the doleritic rocks. Hydrothermal fluid which has been altered by earth crust could influx into evolving magma 
and this process can lead to precipitation of quartz from the hot hydrothermal fluid into the crystallizing magma. 
Patent metasomatism occurrence at the mantle could be a possible factor for the dominance of quartz in the 
doleritic rocks.  Jane and Jays(1987) documented that mantle metasomatism occurs as a result of reaction between 
fluid differentiates of mafic melts and the peridotite rocks, thereby stating that intrusion of mafic melt can result 
to patent metasomatism. O’Relly (2013) stated that the feature of mantle fluid can be ascertained from the features 
of the fluid influx in mantle and indirectly from alterations in the chemical features of mantle minerals. It has been 
suggested that metasomatic media/agent can form in the lithospheric mantle, deep-mantle or subducted oceanic 
lithosphere (Beccaluvaet al. 2001). 
Water is one  of the extrusive material that accompanies magmatism in some cases and this water has some 
dissolved minerals which could be quartz, the presence of this quartz could contribute to anomalous concentration 
of quartz in the dolerite of the southern Benue Trough. Steven (2015) has stated that when magma erupts with 
water that contains dissolved minerals, that when the hydrothermal fluids cool, it precipitates minerals on the rocks 
fractures and pore spaces. Mineralized fluid from the sedimentary host rocks can transport ions into the crystalizing 
magma thereby forming new minerals in the rocks. 
 
5.  Conclusion 
The occurrence of quartz porphyry dolerites in Umuchieze lokpaUkwu indicates that magmatic evolutionary 
stages, hydrothermal alterations and late crystallization of magma play major roles during the evolving and 
crystallization processes of the magma. Prolonged processes of assimilation and contamination of quartz probably 
resulted to incremental batch crystallization of quartz since quartz crystallizes late and this process can give rise 
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Plate 4 A-D: Pictures of quartz –porphry dolerites of Umuchieze LokpaUkwu 
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to quartz vein or quartz patches of varying shapes and sizes. Moreover, hydrothermal fluids could be components 
of the magmatic eruption which on interaction with the sedimentary host rocks probably assimilate quartz into the 
cooling solutions thereby forming the phenocrysts of quartz found in the porphyry dolerites. The quartz porphyry 
dolerites of Umuchieze LokpaUkwu can be described as hybrid dolerites. 
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